The paper develops a mixed integer linear programming model for capacitated facility location which allows the optimal design of a reverse logistics network and illustrates its application in the case of out-of-use tires. These tires are generated in service networks and garages, as in many large cities, and their use includes the possible production of raw materials derived from rubber and the use as fuel for certain industries such as cement. Optimal flows are generated, configuration of collection and recycling facilities is determined, and estimation of the monetary transfers necessary for the feasible operation of the system is estimated. The model must meet recycling targets and minimize the cost of fines in case of infeasibility, through relaxation of constraints.
INTRODUCTION
At present our planet is in crisis of natural and ecological resources, this as a consequence of the systems of production that governs in the majority of the countries of the world [1] [2] [3] . It requires a radical change in the way of generating value, that is, a change of economic system where industry and nature work in harmony, in order to achieve a sustainable development of human society, obtaining economic benefits as environmental. During the design and manufacture of a product, it is necessary to know all the components that interact in the supply chain processes, from the supplier of raw materials to the final consumer [4] [5] . Conceptualizing the supply chain depends totally on the type of organization being analyzed, because it shows the precise process for the creation of a product that satisfies the needs of the customers, from the supplier's supply of the raw material, up to the moment the product is delivered to the customer; each part of the supply chain is connected by different flows of materials, information and energy [6] [7] . In the past, for a company the question regarding products and services that were commercialized was the maximization of profits, reducing the logistics costs. An original definition of general logistics is given by the Council of Logistics Management (CLM) in 1985, where it defines logistics as a part of the supply chain process that plans, implements and controls the efficient and effective flow and storage of goods, services and related information from the point of origin to the point of consumption, with the purpose of satisfying the customer's requirements. The difficulties arise when the consumer has dissatisfaction with the product and therefore he/she wants to return it or just not all the quantity is consumed and expires generating waste. Due to this problem, it is necessary to implement reverse logistics in organizations, where waste can be managed from the customer to the company, all with the aim of recovering value contained in the waste [8] [9] .
LITERATURE REVIEW
In a literature review of general reverse logistics models for solid waste management, authors such as [10] [11] [12] [13] have identified four basic steps for the management of solid waste: gatekeeping, collection, sorting and disposal. From the review, it is possible to identify several designs, methodologies and mathematical models that have been proposed and used to solve specific management problems such as: returns, inventories, transportation, recycling, logistics suppliers, etc., that occur in the reverse logistics process. Several authors have used for their contributions, mathematical integer linear programming (MILP) models. For instance, the design of a logistic network for returns in electronic commerce [14] ; design of a model to examine the heterogeneous and non-uniform quality of the returned products in reverse logistics [15] ; design of a reverse logistics network for the recycling of plastics [16] ; design of a reverse logistics network for tires out of use in cities of Colombia [17] ; design of an integrated network for optimization of product recovery [18] ; design of a reverse logistics network based on a genetic algorithm that satisfies the demand for the logistic network [19] ; design of a network for reverse logistics providers [20] ; design of reverse logistics networks for waste of electrical and electronic equipment (WEEE) [21] [22] ; design of a system to establish the batch size of hybrid products which must be remanufactured [23] ; design of a flexible reverse logistics network with different supply lines [24] ; design of a reverse logistics network for the recovery of vehicles at the end of their life cycle [25] , among other authors, as [26] The design and use of mathematical tools to design reverse logistics systems for the recovery of products that have ended their life cycle, is acquiring great importance in the field of research. The commitment to these designs is to offer recycled products that contribute to sustainable development, fulfilling economic, social and ecological objectives. For organizations, this implies various strategic and tactical aspects that relate different important areas of logistics (location, capacity, flows and transport), which, in the most common practice, are managed independently and not in the search for optimization of system. Organizations aiming at making progress in sustainable development must work and integrate with various actors, such as the State, NGOs, communities and even their own competitors, in order to achieve the economic and environmental goals that have been established [33] . Despite the great advances made by the developed countries in this area, there are many countries that are far from the parameters that are required of the member countries of the Organization for Economic Cooperation and Development (OECD) with respect to development sustainable. Among the requirements for these OECD member countries is the need to have internal government policies to ensure good management of the solid waste generated, promoting the implementation of the principle of Extended Producer Responsibility (EPR), applied in the majority of developed countries [3] . The term Extended Producer Responsibility (EPR) it is defined as an environmental policy approach in which a producer's responsibility for a product is extended to the post-consumer stage of a product's life cycle [34] . This term was first presented in 1990 by the Swedish academics Thomas Lindhqvist and Karl Lidgren for the Ministry of Environment of Switzerland. Later on, the concept was given a legal nuance, becoming an environmental principle that is implemented through Political, Administrative, Economic and Informational instruments, with the purpose of promoting environmental improvements of a nation, allowing the recovery, recycling and a final disposition of the residues. For Yadegari et al. [24] , EPR is increasingly common throughout the world. The application of legislation, social responsibility, corporate image, concern for the environment, economic benefits and customer awareness, compel original equipment manufacturers (OEMs) to produce products that respect the environment, and thus contribute to the great global effort to protect the environment. In 2010, Chile joined the OECD, receiving as a suggestion from the organization that its efforts should be strengthened in the valorization of waste, so that the country achieves a more sustainable development. In May 2016, the Chilean government promulgated the Framework Law for Waste Management, EPR and Recycling Promotion, which obliges manufacturers of certain priority products to organize and finance the management of waste derived from their products, reducing the generation of waste and encouraging its reuse, recycling and other valuation. The research case presented in this paper is therefore designed to fit the context of this country. This paper is structured as follows: first, a description of the proposed reverse logistics network optimization model for waste recovery is made. This includes the description of model assumptions, parameters, objective function, constraints, as well as the procedure for their operation. Next, the application of the model to a case study is discussed for the design a reverse logistics network for out of use vehicle tires (OUT) and finally, the implications of the research are presented.
THE CASE STUDY
In May 2016 in Chile, the Law for Waste Management Extended Producer Responsibility (EPR) and Promotion of Recycling was promulgated. Under REP, manufacturers and importers of priority products are obliged to take care of their end-of-life products (lubricating oils, electronics, bulbs, newspapers and magazines, packaging, pharmaceutics, tires, batteries, expired pesticides and vehicles). At present, the total recycling level is estimated at 10% in the country and with EPR, it is expected in five years to achieve a 30% collection and recovery of waste, thus creating new businesses, and decreasing their final disposal. In the national case, the regulations allow producers and importers of priority products to create individual or collective management entities which will be responsible for managing household waste and avoiding their final disposal in municipal landfills. The costs of the management system are intended to be financed through green taxes to be paid by the consumer, which will be transferred from the producers and importers to the manager, and this in turn will bid the services in the private market for collection and recycling, separately. Recyclers will be able to sell to the market useful products that can be generated.
MODEL DESCRIPTION
In this section it is described the MILP model for the design of reverse logistics networks in order to allow the recycling of multiple products out of use. To demonstrate the model's functionality this is applied to the collection of two types of out of use tires (OUT): large (truck, bus) and small (automobile). The objective is to maximize the benefit of the management system, by means of a capacitated location model, which allows to determine the collection centers and the reprocessing plants of the system that will come into operation, as well as the amount of recycled product sent to the collection centers, reprocessing plants and the sources of energy generation in such a way as to meet the demand, optimizing the costs of operations and the utilization of the capacities of the different centers. Additionally, the model allows determining the amount of recycled product that is missing to meet the recycling goals established by the Government. The elements of this network are shown in Figure 1 . The generation of the residues in the sources is assumed with a deterministic behavior. From the generation sources, they are transported to the collection centers for storage, and then transported to the reprocessing centers, from which valuable products are generated and distributed to market clients. This demand is also assumed with a deterministic behavior and the material that cannot be used in the reprocessing is sent to the landfills, making a good disposal of the waste. The model has the following assumptions: The model considers one class of waste (out of use tires) and this in turn can be of different type, big or small. The location of tire change services is known generating a range of action in relation to collection centers. The The amount of collection centers and reprocessing centers is finite. The generation of waste and the demand for recovered raw materials has a deterministic behavior. The quantity and capacity of the potential means of transport are known. Unit transportation costs of tons of waste are known. Flows are only allowed between two consecutive links in the chain and flows between elements of the same link are not allowed, nor are links skipped. The fixed and variable costs of production, transportation, investments of collection and reprocessing centers are known and their behavior is deterministic over a period of time.
Sets

N
Type of waste to be recycled (types of OUT) (n = 1, 2,…, N)
H Local suppliers of recyclable waste (tire service centers where OUT are delivered) (h = 1,2, ..., H). K0 K U {0}, where 0 is designated as the energy generation plant.
P
Marketed products (p =1, 2); where 1 is pellets and 2 steel contained in tires and whole tires as fuel for energy generation.
Variables
Tons of recycled tire type n, sent from the origin h to the collection center j,
Tons of recycled tire type n sent from the collection center j to the reprocessing center k,
Tons of tire residue generated at reprocessing center k for disposal, Production of the product p, in the reprocessing center k,
S
Amount of unmet tire collection with regard to the established goal in tons Binary decision variable for the collection center j (1 if it opens, 0 otherwise), Binary decision variable for the reprocessing center k (1 if it opens, 0 otherwise),
Parameters
Capacity of collection center j in tons,
Capacity of reprocessing center j in tons,
Offer of type n tires, included in service center h, % of product p, in type n tire.
% of utilization of type n tires, entering reprocessing center k , PO % of waste collected in the tire change service.
Unit selling price of one ton of product p.
Unit selling price of recycled tire type n in the power generation source.
m Fine for not meeting the percentage of the collection goal.
Costs
CAj Annualized fixed cost of operating collection center j,
CBk
Annualized fixed cost of operating reprocessing center k, Unit cost of transporting one ton of recycled tire type n, from the origin h to the collection center j, Unit cost of transporting one ton of recycled tire type n from the collection center j, to the reprocessing center k.
Unit cost of transportation of one ton of waste generated from the reprocessing center k to disposal in landfill,
Unit cost of production of product p in reprocessing center k,
Objective Function
The proposed MILP model has as objective the difference between the revenues and costs involved in the reverse logistics process. Since it is sought to maximize the benefit to the management system the objective function is given by equation (1) . The revenues will be determined by the amount of waste that can be sold to the sources of energy generation and by the marketed products obtained from the waste reprocessing. Costs will be defined, for those associated with the transportation of the waste, from the origin center to the collection and reprocessing center and for the costs involved in the reprocessing of waste.
Model
The set of constraints given by equation (2), guarantees that for all collection centers, tires that are sent from the tire services to the collection centers are not greater than the capacity of the collection centers, if it operates. The set of constraints given by equation (3) guarantees that for all reprocessing centers the tires sent from the collection centers to the reprocessing centers are not greater than the capacity of the reprocessing centers, if it operates. The set of constraints given by equation (4) establish the lack to meet the collection goal in relation to the tire sale, as established by the authority. The set of constraints given by equation (5), establishes the minimum of tires to be recycled, with respect to supply and collection targets. The set of constraints given by equation (6) , states that all tires that are sent from the tire services to the collection centers, are distributed among the reprocessing centers, specifying a source node for power generation. The set of constraints given by equation (7), determines that for each reprocessing center, its production of product p, is equal to or less than the percentage of product p in tire n, by the percentage of utilization of total waste They enter the reprocessing plant. The set of constraints given by equation (8) , establishes the amount of waste generated in the reprocessing center and sent to final disposal. Table 1 shows the type of results obtained from the model for a given scenario of demand. Thirty scenarios were tested with different demand patterns and costs. Each scenario may activate different collection centers. Tables 1  and 2 show the amounts sent from the sources to the collections centers and from these sites to the reprocessing plants. Table 3 shows the production of recycled products. Table 4 the discarded amount sent to landfills. Table 5 shows the unmet quantity or gap with regard the goal given the authority. In this particular case the value is zero and no penalty cost is paid. Tables 6 and  7 show the values of the binary variables giving the locations that will be opened. Finally, Table 8 shows the financial results for the the Management System as a whole. It can be seen that a loss of 1617,4 millions of CL$ is obtained. That is, the system needs an injection of resources of at least that amount to get an equilibrium. Resources will come from green taxes collected by the firms and paid by the consumers as it is planned by the EPR national law. 
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CONCLUSIONS
In this work, a model for optimal design of a reverse logistics network under an EPR approach has been presented. The model allows to visualize the economic flow of incomes and costs that are related to the inverse logistics process. This enables the management system to predict costs and evaluate bid contracts made with waste service providers (WSP). As capacitated location model, it allows to know the collection centers and reprocessing centers that must be enabled for the operation of the network at minimum cost, providing information of the distribution of waste between different agents of the system. Ongoing experimental work is to make exhaustive scenario analysis and sensitivity studies for making a recommendation to the authority.
